Abstract: Filaments created in air by an intense femtosecond laser pulse in the presence of an electric field generate a highly conductive permanent plasma column. 2005 Optical Society of America During filamentation of intense femtosecond laser pulses in air, a long low density plasma column is created. It has been demonstrated that this plasma column is able to trigger and guide high voltage electric discharges over a distance of several meters in air [1]. This effect is attractive for potential applications such as the contactless conduction of current in high-speed vehicles. However, a crucial requirement for such applications is the resistivity of the produced plasma, which must remain low in order to minimize unwanted power dissipation. Other important questions concern the amount of current such a discharge is able to carry, and the plasma lifetime, which ideally should be long enough so that the plasma column is sustained between successive laser shots even at a low repetition rate. In order to address these questions, we have performed experiments using the Teramobile laser in conjunction with electric power facilities designed to supply the motors of high-speed trains (TGV).
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The Teramobile laser is a mobile CPA laser system based on Ti:Sa technology delivering pulses of 100 fs duration, with a peak power of several TW and a repetition rate of 10 Hz [2] . The laser beam was focused in air with a telescope of 25 m focal length. This led to the formation of a bundle of about 40 plasma filaments over a distance of~5 m. Two electrodes consisting of cylindrical copper blocks of 2 cm diameter were placed 2 meters beyond the beginning of the filaments. At this point the diameter of the filament bundle was~7 mm. It crossed through a 5 mm diameter hole pierced in the first electrode and impinged on the second electrode. The distance between the two electrodes could be varied between 3 and 60 mm. In some experiments, both electrodes were pierced, letting the filament bundle through, with no significant change in the results. The electric voltage applied across the electrodes was either DC voltage up to 4 kV or AC up to 20 kV. In all measurements, we checked that no spontaneous discharge occurred in the absence of a laser pulse. The current flowing through the plasma when triggered by the laser generated filaments was measured with a Hall probe.
In the case of a 4 kV DC voltage, the results are shown in Figure 1 . One notices a sudden drop (within the detection resolution) of the voltage across the electrodes while simultaneously the current reaches 250 A, the maximum value allowed by the power supply. The total ohmic resistivity of the plasma is lower than 0.01 ohm/cm. This value is much lower than the resistivity obtained when spontaneous arcing is produced between the electrodes. This high conductivity can last for several seconds, even when triggered by a single laser shot, but sometimes leads to a partial melting of the electrodes. Experiments were also successful with AC voltage. Figure 2 shows the current flowing through the electrodes with a peak voltage of 20 kV. The 50 Hz alternative peak current was again limited by the power supply. The high conducting discharge could be obtained over a distance of 4 cm, with a peak current again limited by the power supply. In conclusion, the plasma generated by femtosecond laser filaments has a low resistivity, and it is able to carry a large current, either DC or AC over a long time > 1 s. These features are very promising for applications such as the contactless capture of current.
